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PART I

The intention of the first part of this paper is to present evidence
of the safety with non-syphilitic serums and the specificity with syph-
ilitic serums of the cholesterin heart antigen in the Wassermann reac-

tion. The second part of the paper demonstrates that this specificity is
due to cholesterin. No attempt will be made to discuss the reasons for
this specificity. The work is treated largely from the technical point of
view, and thus assumes a general knowledge of the principles and even

of the technic of the reaction on the part of the reader.
This paper is based on one thousand Wassermann reactions which

were done on the serums of eight hundred different persons, and in
addition on eighty-seven Wassermann reactions on the spinal fluid of
the same persons. All of these cases have been under observation in
this hospital. Since, here, the Wassermann reaction is a routine labo-
ratory test on all medical cases, about three-fifths of the cases were on

the medical service under Dr. Christian's observation; likewise on the
neurological division of the surgical service the Wassermann reaction
is a routine test and, consequently, about one-fifth of the patients were

under the observation of Dr. Cushing ; the remaining fifth of this
number were chiefly from the out-patient department, although a few
were from the general division of the surgical service.

I shall not discuss the different antigens which have been utilized
in the Wassermann reaction, but will briefly outline the development of
the cholesterin antigen. Many independent observations by a great
many workers1 had shown that Wassermann "antigen" was presumably
of the nature of a lipoid. Following this assumption several investi¬
gators2 tried different lipoids, and lecithin was used most frequently.

* Submitted for publication, May 19, 1914.
* From the Medical Clinic of the Peter Bent Brigham Hospital, Boston,

Henry A. Christian, Physician-in-Chief.
1. Lansteiner, M\l=u"\llerand P\l=o"\tze: Wien. klin. Wchnschr., 1907, xx, 1565. Porges

and Meier: Berl. klin. Wchnschr., 1908, xxi, 731. Levaditi and Yamanouchi :

Compt. rend. Soc. de biol., 1907, lxiii, 740.
2. Sachs, H., and Altmann, K.: Berl. klin. Wchnschr., 1908, xxi, 494. Sachs,

H. and Rondoni, P.: Ztschr. f. Immunit\l=a"\tsforsh.,1909, i, 132.
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564 THE ARCHIVES OF INTERNAL MEDICINE

Browning, Cruickshank and MacKenzie3 found that mixtures of lec¬
ithin and cholesterin gave a particularly specific reaction with syphilitic
serums. The next notable advance in the preparation of antigens was

the suggestion of Hans Sachs4 to combine the alcoholic extracts of
animal organs with cholesterin. The addition of cholesterin to extracts
of organs was found by Sachs to endow them, however unsatisfactory
alone, with properties equal to those possessed by the best syphilitic
extracts. Mclntosh and Fildes5 demonstrated that an antigen prepared
from human heart and cholesterin showed a notable improvement on

the others, in that a much higher percentage of positive results was

obtained in undoubted syphilis, while no tendency toward non-speci¬
ficity was observed.

Recently, Swift and I6 demonstrated that a 0.4 per cent, cholesterin
was a safe and the optimum amount to be used. Also, we concluded
that a 0.4 per oent. cholesterinized alcoholic extract of human heart
made a constant and a more sensitive antigen than did a fetal syphilitic
liver or a similarly made cholesterinized alcoholic extract of the heart
or liver of other species, with the exception of the heart of the guinea-
pig, which was apparently of the same value. Kolmer, Laubaugh,
Casselman and Williams,7 working independently of us along similar
lines and at the same time very shortly afterward published their results
confirming our findings.

TECHNIC

On account of the various improvements and modifications which
do not enjoy universal recognition, different workers employ different
technics, and consequently a certain diversity of result is inevitable.
As a result of the variety of technic, the mere statement that a par¬
ticular Wassermann reaction is negative is insufficient ; before the value
of such an observation can be appreciated, it is essential to know the
methods by which it has been arrived at, and the general results which
these methods usually yield. Therefore, I shall first describe my
technic rather fully. All quantities of the various reagents are one-half
the amounts originally described by Wassermann, Neisser and Brück.

Complement.—Guinea-pig serum is used to supply the complement.
Each day the reactions are performed, two or more guinea-pigs, after
being stunned, are bled from the throat into sterile Petri dishes in

3. Browning, C. H., Cruickshank, J., and Mackenzie, I.: Biochem. Ztschr.,
1910, xxv, 85; Jour. Path. and Bacteriol., 1910, xiv, 484.

4. Sachs, H.: Berl. klin. Wchnschr., 1911, iii, 2066.
5. Fildes, P., and McIntosh, J.: Brain, 1913, xxxvi, part 11.
6. Walker, I. C., and Swift, H. F.: Jour. Exper. Med., 1913, xviii, 75.
7. Kolmer, F. A., Laubaugh, E. E., Casselman, A. J., and Williams, W. W.:

Practical Studies on the So-Called Syphilis "Antigens," with Special Refer-
ence to Cholesterinized Extracts, THE ARCHIVES INT. MED.,\ 1913, xii, 660.
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which the blood clots, and in the interval of one or two hours sufficient
serum separates from the clot. A portion of this is made up in a

10 per cent, dilution with saline for titration.
Blood-Corpuscles.

—

These are obtained from the sheep at a

slaughter-house, the blood being caught in a sterile bottle containing
glass beads, and this bottle is shaken from three to five minutes to
defibrinate the blood. This sheep blood is obtained fresh each day of
the reactions, is washed four or five times with more than an equal
volume of saline, the time that the centrifuge is running for the last
washing is always accurately noted, and the centrifuge is always run¬

ning at the same speed for this last washing each day, so that each day
the amount of corpuscles is approximately the same. For the reactions
0.5 c.c. of a 5 per cent, suspension in saline is used.

Saline Solution.—Pure crystallized sodium chlorid and distilled
water in the strength of 0.85 per cent, is used.

Amboceptor.—The sheep-rabbit amboceptor was used. By using
diminishing quantities of the amboceptor with one unit (0.25 c.c. of a

10 per cent, dilution) of complement, 0.5 c.c. of a 5 per cent, sheep cell-
suspension and saline up to the standard volume (2.5 c.c), the mini¬
mum hemolytic dose (M. H. D.) of the amboceptor was determined.
Having found that 0.0008 c.c. of this amboceptor was the M.- H. D.
with one unit of complement, by working with dilutions so arranged
that 0.25 c.c. of the dilution contained 0.0008 c.c. of amboceptor,
another dilution slightly more, and a third slightly less than this
amount, it was found that 1 to 350 was the proper dilution of
amboceptor (see Protocol 1). This titration was repeated with several
specimens of pooled complement until a constant optimum was deter¬
mined, and this optimum dilution is considered the standard. Two
units of amboceptor diluted to 0.5 c.c. with saline were used to sensitize
each 0.5 c.c. of the 5 per cent, sheep cell suspension for the reactions.

Standardization of the Hemolytic System.—A most important step
in the Wassermann reaction is the accurate titration of the hemolytic
system, and this should be done each time before performing the reac¬

tions. Occasionally sheep corpuscles are resistant to hemolysis ; when
such is the case I discard them and use the previous day's cells. Occa¬
sionally the complement is weaker than 10 per cent. ; if so I discard it,
but if it is stronger than 10 per cent., I use it in the proper strength as

determined by titration. Therefore, to recapitulate, the constituents of
the hemolytic system are : amboceptor made up with saline in the dilu¬
tion as standardized so that 0.25 c.c. of dilution represents one unit ;
a sample portion of the complement made up with saline in a 10 per
cent, dilution, 0.25 c.c. representing one unit ; a 5 per cent, suspension
of sheep corpuscles, 0.5 c.c. being the standard amount, and sufficient
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566 THE ARCHIVES OF INTERNAL MEDICINE

saline to each tube to make the total volume the same, which should be'
2.5 c.c, the volume in the Wassermann test. Both amboceptor and
complement are titrated in varying amounts, and the cells, the com¬

plement and cells, and the amboceptor and cells are also controlled (see
Protocol 1).

Protocol 1 shows the method of standardization of the amboceptor
after the M. H. D. has been determined and diluted so that 0.25 c.c.

contains one unit of amboceptor, and the protocol also represents the
daily titration of the hemolytic system except that only one dilution
of the amboceptor (the standardized dilution) is used. Having deter¬
mined the M. H. D. of complement, the total guinea-pig serum is then
diluted so that 0.5 c.c. of the dilution represents two units of com¬

plement, which amount is used in the reactions.

PROTOCOL 1.—Method of Standardization of the Amboceptor

Tube
No.

1
2
3
4
5
6
7
8
9

10
11
12
13
14

Amount of Complement

Amboceptor
Dilution

0.5
0.4
0.3
0.25
0.2
0.1
0.25
0.25
0.25
0.25
0.25
0.5

Guinea-Pig
Serum

10 Pet, c.c.

0.5
0.5
0.5
0.5
0.5
0.5
0.4
0.3
0.25
0.2
0.1

o!s"

Sheep
Cells

5 Pet, c.c.

0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5

0.5

 

<

Dilution of Amboceptor *

1:250

C.H.
C.H.
C.H.
C.H.
C.H.
C.H.
C.H.

N. C. H.
Mod. H.

SI. H.
SI. H.

0
0
0

1:300

C.H.
C.H.
C.H.
C.H.
C.H.

N. C. H.
C.H.
C.H.

N. C. H.
N. C. H.
Mod.H.

1:350

C.H.
C.H.
C.H.
C.H.
C.H.

N. C. H.
C.H.
C.H.
C.H.

N. C. H.
Mod. H.

1:400

C.H.
C.H.
C.H.
C.H.
C.H.

Mod.H.
C.H.
C.H.

N. C. H.
SI. H.
SI. H.

* C. H. = complete hemolysis ; N. C. H.
—

nearly complete hemolysis ; Mod. H.
—

moderate
hemolysis; SI. H. = slight hemolysis; 0 = no hemolysis.

Human Serum.—This is inactivated at 56 C. for one-half hour and
0.1 c.c. is used in each test-tube, and 0.05 c.c. in a control-tube for
natural sheep amboceptor, and 0.2 c.c. in the anticomplementary con¬

trol-tube.
Preparation of Antigen.—Human heart, free from gross fat, was

weighed, finely minced and placed in absolute alcohol in the proportion
of 1 gm. of tissue to 10 c.c. of absolute alcohol. Extraction was carried
on in the incubator at 37.5 C. for from «even to ten days, the bottles
being shaken several times daily. The bottles were allowed to stand
at room temperature for a day or two, and then filtered. Usually
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after two or three days it was necessary to filter again, and the extract
was now kept at room temperature as a stock solution. As often as

necessary, 25 c.c. were taken from this stock solution and to it 0.1 gm.
of cholesterin was added (a 0.4 per cent, cholesterin solution) and
placed in the incubator over night, during which time the cholesterin
would go into solution, but if it did not dissolve, a little shaking and a

few more hours of incubation would be sufficient to dissolve it. This
cholesterinized extract may be kept with safety for a month, after
which time it is liable to become slightly anticomplementary, and a new

portion of the stock solution should be cholesterinized.
Each day the reactions are done the antigen for the test-tubes is

made as follows : to 9 c.c. of 0.85 per cent, saline is added, drop by
drop with constant shaking, 1 c.c. of the 0.4 per cent, cholesterin alco¬
holic extract, thus making a 1: 10 emulsion and 0.5 c.c. of this 1: 10
emulsion of antigen is used in each test-tube.

PROTOCOL 2.—Wassermann Reaction
front tubes

0.1 c.c. patient's serum.
0.5 c.c. complement (2 units).
0.5 c.c. antigen No. 1 (1:10 emul¬

sion).
0.4 c.c. saline.

BACK TUBES

0.2 c.c. patient's serum.
0.5 c.c. complement.
0.8 c.c. saline.

0.1 c.c. patient's serum.
0.5 c.c. complement (2 units).
0.5 c.c. antigen No. 2 (1:10 emul¬

sion).
0.4 c.c. saline.

0.05 c.c. patient's serum.
0.25 c.c. complement (1 unit).
0.5 c.c. cells.
1.7 c.c. saline.

Incubation one hour at 37.5 C. in water bath. Then 1 c.c. of sen¬
sitized cells is added to each tube except that one already containing
cells. Incubation is again carried on for another hour in water bath at
37 C, after which time the results are noted.

In Protocol 2 the front tubes are the test-tubes and are in duplicate
with the exception of different antigens ; that is, the same dilution of
antigen is used, but made from two different hearts and the cholesterin
has been added to each heart extract at different dates. The back tubes
serve as controls, the one containing 0.2 c.c. of patient's serum is the
anticomplementary control. The other tube contains one-half the
amount of serum and complement, no antigen and no amboceptor and
the standard amount of cells ; this serves as the control for natural
sheep amboceptor which may be present in the serum. The reason for
using two antigens and the natural sheep amboceptor control will be
mentioned later. A known positive and a known negative serum are

always used as controls and each antigen is controlled. Complete
inhibition of hemolysis is represented by four pluses (-|—|—|—[-),
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75 per cent, inhibition by -j—|—|-, one-half inhibition by -|—\- and
less than this by a single -j-. These varying amounts of inhibition are
determined by centrifuging, but even then there is considerable
variation.

ADVANTAGES OF THIS ANTIGEN

There are three chief advantages in such an antigen ; one, the ease

with which it is obtained and made; another, its constant properties
when made from different hearts ; the third, its superior antigenic prop¬
erties with syphilitic serums with no tendency toward non-specificity.

The ease of obtaining and making this antigen has been mentioned
in a preceding paragraph. The alcoholic extract may be kept as a stock
solution for at least six months, and to portions of this stock solution
cholesterin may be added in 0.4 per cent, strength at intervals of four
or five weeks, or oftener if necessary.

PROTOCOL 3.—Difference in Antigenic—

Antigen Used

Heart cholesterin
1:6 emulsion ....

Heart cholesterin
1:12 emulsion ...

Liver choies terin
1 :6 emulsion ....

Liver choies terin
1:12 emulsion ...

Liver alone 1:6
emulsion.

Liver alone 1:12
emulsion.

Serum of Miss W.

0.1 cc.

4- + + +

+ + + +

+ 4-4-4-

4-4- +

0.05 c.c.

+ + + +

+ + +

+ + + +

Serum of Mr. S.

0.1 cc. 0.05 c.c.

+ + + +

-

+ +

Serum of Mr. D.

0.1 cc. 0.05 c.c.

+ + +
-

+ + +
-

+ + + +

+ + + +

++++ i + + +

++++!+++
++++ +

That different hearts yield antigens of the same antigenic and anti-
complementary properties has been demonstrated by Mclntosh and
Fildes. These workers used twenty-four different human hearts, and
in addition to the above found that the addition of cholesterin rendered
them invariable, so that a quantitative estimation may be carried out
with different reagents and different antigens at different times with a

very small margin of error. In this present work I have used ten
different human hearts from patients who had died from the following
causes ; pneumonia, diabetic coma, uremia, general carcinomatosis, sar¬

coma of skull, gumma of brain and liver, carcinoma of head of the
pancreas with cholemia, myxedema with chronic myocarditis, and two
from syphilitic aortitis. All of these hearts had practically the same

antigenic and anticomplementary properties. Furthermore, quantità-
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tive estimations of their antigenic properties with different syphilitic
serums and different reagents were practically the same and were

always constant for the same antigen from day to day.
Mclntosh and Fildes demonstrated the superior antigenic properties

of the cholesterin heart antigen over other antigens with manifest
syphilitic serums from primary, secondary and tertiary cases. This
advantage was most apparent in syphilis of the central nervous system,
including parasyphilis in which group of cases the syphilitic liver
antigen has inferior antigenic properties.

Swift and I found the same advantages were apparent when We

compared this antigen with those considered to be the best in use in
Germany. For this work I was unable to obtain a congenital syphilitic
liver, but I did make an antigen from several gummata of a liver in
which the spirochetes were demonstrated, using the alcoholic extract

—Properties of Three Different Antigens

Serum of Mrs. K.

0.1 cc. 0.05 c.c.

+ + + +

+ + + +

+ + + + !

+ +

+++
+ + +

+

Serum of Mrs. A.

0.1 cc.

+ + + +

4-4-4- +
+ + + +

+

0.05 c.c.

+ +

+
+

Serum of Mr. W.

0.1 cc.

+ 4-4-4-

+ + +

+ + +

0.05 c.c.

+
-

+

Serum of Mrs. J.

0.1 cc.

+ + + +

+ + + +

+ + + +

+

0.05 c.c.

+ + +
-

made in the same method as the heart extract. A series of Wasser¬
manns using graded amounts of serums from known syphilitic patients
was performed with the following antigens : a 0.4 per cent, cholester¬
inized alcoholic human heart extract, an alcoholic extract of the liver
gumma and a 0.4 per cent, cholesterinized alcoholic extract of the liver
gumma. Protocol 3 demonstrates the difference in antigenic properties
of the three different antigens.

From the Protocol 3 it is evident that the cholesterin heart antigen
is the most sensitive, the gummatous liver antigen the least sensitive —

in fact, it gave no fixation with some clinically syphilitic serums
—

and
the cholesterinized gummatous liver, although made much more sensi¬
tive by the addition of the cholesterin, was still less sensitive than the
heart cholesterin antigen.
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570 THE ARCHIVES OF INTERNAL MEDICINE

DISADVANTAGES OF THIS ANTIGEN

Careless workers and those who are untrained in and unfamiliar
with the complexity and the technic of the Wassermann reaction may
obtain false positive reactions in non-syphilitic cases. This can hardly
be considered a disadvantage, since only trained laboratory men should
do this test, and if those laboratories which do employ untrained per¬
sons

—

and we know such is the lamentable fact in this country and
in Germany

—

can be stimulated to employ trained persons a note¬
worthy result will be accomplished, since the Wassermann reaction is
one of the most, if not the most, specific laboratory test that is known
at the present time.

The hemolytic system should be accurately and carefully titrated
each time the reactions are done, since variations in the amount of
amboceptor used cause variations in the amount of complement neces¬

sary and cholesterin binds complement, consequently too small an

amount of complement may be bound partially by the cholesterin and
an insufficient amount may be free to complete the hemolytic system
in certain negative serums.

The cholesterinized alcoholic heart extract may become slightly
anticomplementary after four or five weeks. This fact is quickly
recognized by controlling the antigens without serums, and with known
negative serums each time the reactions are done and by using extracts
to which cholesterin has been added at different intervals.

Occasionally a certain specimen of cholesterin will be anticom¬
plementary. Out of seven different lots of supposedly C. P. cholesterin
only one lot has been anticomplementary, and this was definitely proved
to be unsatisfactory. The cholesterin used in this work was purchased
from Eimer and Amend and from Merck and Company, and always in
small amounts in order to obtain several different samples.

NO NON-SPECIFIC FIXATION WITH NON-SYPHILITIC SERUMS

In this series of 800 different persons there were 667 who gave a

negative Wassermann reaction with the 1: 10 emulsion. In none of
these cases was there a question of syphilis, and since, as previously
stated, all of the cases were in patients at this hospital, they conse¬

quently were carefully observed. The diagnosis of the prominent con¬

dition in the majority of these patients is represented in the table
following; those diagnoses which apply to only a very limited number
of cases are grouped under miscellaneous :
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Chronic cardiac disease. 55
Chronic nephritis. 40
Tuberculosis. 30
Cirrhosis of liver. 9
Typhoid fever. 12
Pneumonia. 25
Epilepsy. 18
Brain tumor. 37
Trigeminal neuralgia. 15
Acromegaly. 10
Chronic salpingitis. 11
Malignant disease. 16
Spinal cord sclerosis. 8
Chronic arthritis. 14
Syphilis cured. 14
Anemia. 8
Skin disease. 20
Metrorrhagia. 6

Ulcer of stomach or duodenum.. 8
Migraine. 12
Varicose veins. 6
Rectal abscess. 5
Pleurisy. 13
Goiter. 7
Tonsillitis. 13
Diabetes mellitus. 17
Tabes. 4
Neurasthenia. 6
Observation. 8
Hysteria. 6
Hernia. 8
Disease of eye. 6
Cystitis and pyelitis. 9
Cholelithiasis. 6
Normal persons. 50
Miscellaneous. 127

Total. 667

It might be well to call attention to the few following cases in the
foregoing table. The fourteen patients who gave a history of syphilis
had had their chancre years ago, and following this they had very
intensive treatment. In these cases the Wassermann reaction was

repeatedly negative and two of the cases came to necropsy and no

evidence of syphilis was made out. All of the diabetic patients had
acetone and diacetic acid and large amounts of sugar in the urine when
the blood was taken for the Wassermann reaction, and on several of
these the reaction was repeated when they became sugar free. Three
of the cases were in diabetic coma, four were in uremia and several
others were in extremis from other causes.

In using 0.5 c.c. of the 1: 10 emulsion of this antigen, we are taking
only one-fourth of the anticomplementary dose, which is well within
the limit of safety, since most workers state that one-third of the anti-
complementary dose is safe. Now, this same antigen made up in a

1: 6 emulsion and using 0.5 c.c. for each test is nearly twice as strong
as the 1: 10 emulsion, and is too near for safety to the anticomple¬
mentary dose. Nevertheless, in order to determine how near this was

to the non-specific fixation limit, in 400 different serums, 0.5 c.c. of
1 : 6 emulsion was employed in an extra test-tube. These 400 cases were
in two series, one of 186 consecutive serums, and the other of 214 con¬

secutive serums. Of these 400 cases, all of which gave a negative
reaction with the 1: 10 emulsion, 380 also gave a negative reaction with
the 1: 6 emulsion. Of the 20 cases which were not entirely negative,
12 gave a questionable reaction, that is, very slight inhibition of hemol-
ysis ; on centrifuging the tubes a very few cells were evident; 8 serums

gave a -j—f- reaction, that is, 50 per cent, or less inhibition of hemol-
ysis. The 12 cases giving such a very slight degree of inhibition may
be safely set aside, since no consequence would be attached to such a
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slight degree of inhibition, and mechanical errors could easily account
for such. Therefore in only 8 cases, or 2 per cent., which gave a -j—|-
reaction could any one be suspicious of non-specific fixation, and even

then such reactions are always considered as negative unless the par¬
ticular case is understood.

Another test-tube containing 0.2 c.c. of patients serum was used
with the 1:10 emulsion in 400 consecutive cases. In none of these cases
was there the slightest inhibition of hemolysis with the 0.2 c.c. of
serums when there was none with the 0.1 c.c. of serums.

Therefore, in such a large series of cases, since the 1: 10 emulsion
gave no non-specific fixation with either 0.1 c.c. or 0.2 c.c. of serum,
and since the 1:6 emulsion, which is theoretically too near the anti-
complementary dose, gave only 2 per cent, non-specific fixation (and
this indeed was only slight in amount) it would seem that the 1: 10
emulsion of this antigen with 0.1 c.c. of serum was certainly safe and
sane.

Among the 87 different spinal fluids tested, 74 were negative, and
in these the cell-count did not exceed 5 per cubic millimeter, and the
globulin reaction was negative with the exception of four cases of
tuberculous meningitis, the diagnosis of which was verified at necropsy.
The majority of the patients in these negative cases were operated on

by Dr. Cushing and no syphilitic process was evident ; many of the
others were from cases of coma, uremia, etc. In addition to those
above mentioned, there were several ventricular fluids and brain-cyst
fluids obtained from operations by Dr. Cushing, all of which were

negative. With many of these the 1: 6 emulsion of the antigen was also
used with the same negative results as with the standard 1: 10 emul¬
sion. The technic of the spinal fluid Wassermann differed from that
of the serum Wassermann in that larger quantities of spinal fluid were

used and the amounts were graded. Seven tubes were used for each
spinal fluid; each of six tubes containing, respectively, 0.5 c.c, 0.4 c.c,
0.3 c.c, 0.2 c.c, 0.1 c.c, 0.05 c.c. and a control-tube containing 1.0 c.c.

for anticomplementary control ; to the six tubes with diminishing
amounts of fluid were added 0.5 c.c. of the 1: 10 emulsion of the
antigen, 0.5 c.c. complement, and saline sufficient to make all tube con¬

tents equal, and after one hour incubation, 1 c.c. of sensitized cells was

added and incubation was carried on for another hour. By using this
graded system considerable information was derived concerning prog¬
nosis, diagnosis and result of treatment.

FIXATION WITH SYPHILITIC SERUMS

I am aware of the fact that the diagnosis of syphilis on the strength
of a positive Wassermann reaction without any history of infection is
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open to much criticism. Although I believe that a positive Wasser¬
mann reaction, properly done, with or without a history of infection,
does mean syphilis (barring certain conditions, as florid scarlatina and
leprosy, none of which should be clinically confused with syphilis),
nevertheless, for the benefit of a doubt in the mind of the reader, the
facts in support of the diagnosis of syphilis apart from a positive test
will be given in some detail. Improvement clinically and symptomati-
cally and a decrease in the intensity of the reaction under intravenous
salvarsan and intramuscular mercury treatment will be considered
important evidence in favor of a syphilitic process. Realizing that the
burden of the proof "that this cholesterin heart antigen gives no non¬

specific fixation" lies in the proof that all the positive reactions were of
a syphilitic nature compels me to go into considerable detail in some

cases, and I trust that the reader who may not be skeptical will be
patient.

Those serums which gave a positive Wassermann with the 1: 10
emulsion of the antigen were subjected to a titration for their "fixing
unit." By "fixing unit" is meant the smallest amount of serum which
would give complete inhibition of hemolysis in the presence of the
standard amount of complement, antigen and required saline. This
quantitative test was performed as follows : The maximum quantity of
serum used was 0.1 c.c, and this quantity was halved five times, so that
in a series of six tubes there was respectively 0.1 c.c, 0.05 c.c, 0.025
c.c, 0.012 c.c, 0.006 c.c. and 0.003 c.c. in the various tubes ; therefore,
the amount of serum was varied, but the amount of complement and
antigen was kept constant. If it was found that 0.012 c.c. gave com¬

plete inhibition, but 0.006 c.c. did not, then 0.012 c.c. was the "fixing
unit," and from now on the capitals F. U. will represent "fixing unit."

In this series of 800 cases, there were 110 persons who gave com¬

plete inhibition of hemolysis with the 1: 10 emulsion of the antigen.
Of this number, 39 gave a definite history of a chancre which was
followed by medication. These 39 cases will be dismissed with no

further comment, since the chancre suffices to explain the positive
Wassermann. The remaining 71 cases are tabulated below, with the
diagnosis of the existing condition, and confirmatory evidence if pres¬
ent will be given in each case ; these gave no history of chancre.

It would seem that the above-mentioned cases showed sufficient
evidence to substantiate the probability of a syphilitic infection, and
that the small amount of serum (F. U.) required to give complete
inhibition of hemolysis was, in doubtful cases, too small to think of
non-specific fixation; furthermore, the symptoms in so many of the
cases which might possibly be questioned were relieved by salvarsan
injections. Although the fact is not mentioned above, the "fixing unit"
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Diagnosis

Rash
Tabes dorsalis

General paresis
Aneurysm

Dilated aorta

Periostitis

Gummata

Cerebrospinal
Syphilis

Congenital
syphilis
Ulcers

Aortitis

Uterine *

Dementia

Vomiting

Vertigo
Paroxysmal

hemoglobinuria
Laryngitis
Epilepsy

Neuralgia
Pellagra
Diabetes
insipidus

Pelvic disease

Pneumonia

Alcoholic

Diabetes
mellitus

All relieved by salvarsan intravenously.
All had positive Wassermann, positive globulin,

increased cell-count in spinal fluid.
Same as for tabes.
Substantiated by Roentgen-ray.
One patient had had six miscarriages ; one had one

miscarriage and two monoplegias; one had posi¬
tive Wassermann elsewhere ; one showed symp¬
tomatic improvement with potassium iodid medi¬
cation. All were substantiated by Roentgen-ray.

Symptoms and signs disappeared after many intra¬
muscular injections of salicylate of mercury. All
verified by Roentgen-ray.

Two verified by operation and all disappeared
under treatment.

Wassermann and globulin positive, cells increased
in spinal fluid.

Definite stigmata.
All were healed by intramuscular mercury and by

salvarsan.
Physical signs of ; the wife of one man had two

still-born and no living children.
One with two miscarriages and no children ; one

with three still borns and no children ; one with
three miscarriages and no children; one with five
miscarriages and no children ; one with three
miscarriages and husband had positive Wasser¬
mann ; one with two still borns at seventh month
and no children·; two with one miscarriage,
several D. and C. operations and no children.

Positive Wassermanns elsewhere, and repeatedly
positive here.

All four had attacks of recurrent vomiting, and
dizziness and all were relieved immediately by
intravenous salvarsan.

Vertigo and headaches for year or more, relieved
by several salvarsan injections.

Relieved by salvarsan. Ninety per cent, of these
cases are syphilitic.

Cured by treatment with mercury.
Attacks stopped after salvarsan.
Relieved by salvarsan ; patient gave indefinite his¬

tory of infection.
Relieved by salvarsan and Wassermann became

negative after ten intravenous treatments.

Admitted exposure for three years, salvarsan
relieved symptoms and Wassermann became
negative after several salvarsans.

One a woman who never had borne children and
the Wassermann was repeatedly positive. F. U,
0.003 c.c. One, a man, whose wife never had
borne children, Wassermann repeatedly positive.
F. U, 0.025 c.c.

Wassermann positive with syphilitic liver antigen,
repeatedly positive here. F. U, 0.05 c.c.

One miscarriage followed by no healthy children.
F. U. 0.003+ + . Wassermann also positive with
syphilitic liver antigen.

* Whitehouse8 recognizes a syphilitic fibrosis of the uterus, a chronic metritis
and fibrosis. with a positive Wassermann in the serum.

8. Whitehouse, B. : Jour. Obset. and Gyn. Brit. Emp., 1914, xxv, 1.
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in all of the questionable cases was greatly increased by treatment, so

that every two weeks, when the titration test was done, the amount of
serum necessary to give complete inhibition increased.

There were twenty-four persons whose serums gave only from
50 per cent, to 75 per cent, inhibition of hemolysis with the 1: 10 emul¬
sion of the antigens. It is in these cases with a more or less doubtful
reaction that the non-specific fixation must be ruled out.

No. of
Cases Diagnosis

Tabes dorsalis

Congenital
syphilis
Tertiary
Cerebral

Secondary
syphilis
Epilepsy
Migraine

Miscarriage

Cerebral
Salpingitis

?
Catarrhal
jaundice

The spinal fluids of all gave a positive Wasser¬
mann and globulin and an increase in the cells.
Also classical signs.

Had had mercury and KI constantly for several
years.

All had definite chancre followed by intensive
treatment.

Spinal fluid Wassermann and globulin positive,
increase in cells.

Had had intensive treatment, came to hospital for
salvarsan.

Attacks relieved by potassium iodid.
Relieved by intramuscular mercury and potassium

iodid.
One a woman who had two miscarriages and two

still borns ; one a woman who had two miscar¬
riages and a congenital child ; one a woman who
had three miscarriages since a healthy child ;
one woman who had one miscarriage ; one a
woman who had seven miscarriages ; one a

woman who had four miscarriages and two still-
borns. All the above cases became negative after
intramuscular mercury injections.

Had two attacks of monoplegia with aphasia.
Became negative after many intramuscular mer¬

cury injections.
Was diagnosed syphilitic at another hospital.
No evidence of syphilis and became negative after

jaundice cleared.

Although it is a rule that partial inhibition like that in the cases

mentioned above should be considered negative or, at the most, only
suspicious unless the previous condition of the patient is sufficiently
well understood, it would seem that with this antigen a 50 per cent, or

75 per cent, inhibition of hemolysis really meant a pretty definite syph¬
ilitic trace. All the above-mentioned cases were repeated at least once

and the degree of inhibition varied only slightly, with the exception of
the catarrhal jaundice case.

There were thirteen cases with a positive Wassermann in the spinal
fluid, and in all the globulin was positive and the cells increased above
ten. The diagnosis in these cases was clinically certain.
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THE USE OF THE 1:6 EMULSION IN CERTAIN CASES

As previously stated, the 1: 10 emulsion is used for diagnosis and
the 1:6 emulsion was used merely to determine in how many cases it
might give non-specific fixations. The use of this 1: 6 emulsion brought
out several interesting facts. One fact noted was that several second¬
ary syphilitic cases, when treated until their serums gave a negative
reaction with the 1: 10 emulsion, but still showing from 50 per cent, to
75 per cent, of inhibition of hemolysis with the 1:6 emulsion, all
became positive again with the 1: 10 emulsion after an interval of a

few weeks without treatment. On the other hand, several secondary
syphilitic cases which were treated until they were negative with the
1:6 emulsion as well as with the 1: 10 emulsion have not become
positive again at all with either emulsion after several months without
treatment. Therefore, we now do not stop treatment in early cases

until the serum is negative with the 1: 6 emulsion.
The same was true in two late stages of syphilis involving the cen¬

tral nervous system, in both of which the serums were negative after
intensive treatment, but the spinal fluid was positive with the 1: 10
emulsion, 0.5 —j—|—|- -4- and 0.4 -j—\- -\—\-. In both these cases, one

of early tabes, the other of cerebral syphilis, intraspinal salvarsanized
serum was given without other medication. These two patients gradu¬
ally improved, and after many treatments their spinal fluids became
negative with the 1: 10 emulsion, but they both still had symptoms,
although much improved. Treatment was still continued, and when
one patient was lost track of the spinal fluid was slightly positive with
the 1:6 emulsion (0.5+ -[-), and his symptoms were slight. The
tabetic patient is still being treated; his spinal fluid Wassermann is
0.5 -4- -]—h and his symptoms are very slight. Since these two cases

with a negative spinal fluid Wassermann with the 1: 10 emulsion still
had symptoms and a slightly positive reaction with the 1: 6 emulsion,
it would seem that in central nervous system involvement there was

indication for continuance of treatment until the spinal fluid Wasser¬
mann became negative to the 1: 6 emulsion.

In two cases of tabes, one with a Charcot knee, the other with
gastric crises, the blood Wassermann was negative with the 1: 10
emulsion, but with the 1:6 emulsion one serum gave a -|—|- reaction,
the other a -(—|—|—|- reaction. From these two cases one would infer
that fixation with the 1: 6 emulsion should invite careful consideration
of a syphilitic process.

In five persons each of whom had a chancre of from one to three
weeks' duration, the serums of all were negative with the 1: 10 emul¬
sion, but with the 1: 6 emulsion four gave complete inhibition, and one

gave 50 per cent, inhibition of hemolysis. Here again inhibition of
hemolysis with the 1: 6 emulsion would indicate a syphilitic process.

Downloaded From: http://archinte.jamanetwork.com/ by a Penn State Milton S Hershey Med Ctr User  on 05/28/2015



/. CHANDLER WALKER 577

Furthermore, it was noted that when there was present in the serum

much natural sheep amboceptor, the tube with 0.2 c.c. of serum and the
1: 10 emulsion showed complete hemolysis, and the tubes containing
0.1 c.c. of serum and the 1: 10 emulsion showed partial hemolysis, so

that a questionable reaction resulted, the 1: 6 emulsion with 0.1 c.c. of
serum showed no hemolysis. In such a case the 1:6 emulsion threw
the evidence of the questionable reaction with the 1: 10 emulsion
toward the side of a positive reaction.

With the twenty-four serums which gave partial inhibition, as

reported above, with the 1: 10 emulsion, there was from 75 per cent,
to complete inhibition with the 1:6 emulsion, and all except one case

were pretty surely syphilitic.
Therefore, from the preceding statements, it would seem that the

1:6 emulsion might well be used as a sort of control over the 1: 10
emulsion, but that its value in diagnosis should be carefully considered ;
its value as an index to further treatment is great.

PART II

TITRATION METHODS SHOWING THE SPECIFICITY OF CHOLESTERIN WHEN
USED TO REINFORCE AN ANTIGEN IN THE WASSER¬

MANN REACTION

As previously described, all serums with a positive Wassermann
were titrated in diminishing quantities with the constant normal amount
of complement and antigen and sufficient saline to equalize the volume
in all tubes. This was done frequently to note the improvement by
treatment. The 1: 6 emulsion of the antigen was the strength used
for this titration, since it was not affected by the presence of natural
sheep amboceptor, and because it was anticipated that in very early
cases the serums would give too weak a reaction with the 1: 10 emul¬
sion to be of any value, and especially because all cases were treated
until their serums became negative to the 1: 6 emulsion. The smallest
amount of serum which gave a complete inhibition of hemolysis was
called the "fixing unit" or F. U. It was noted that the serums of dif¬
ferent untreated persons had a different F. U., and this did not seem to
depend on how long the person had had his syphilis. In other words,
the amount of serum necessary to give a complete inhibition of hemol¬
ysis bore no relation to the stage of the disease, and the serums of
different untreated persons in the same stage of the disease showed
wide variation in their F. U. These facts are demonstrated in Pro¬
tocol 4.

In testing the anticomplementary and antigenic properties of these
various antigens with known negative and known positive serums, it
was noted that although the F. U. of the serums of different persons
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in the same stage of syphilis varied, the amount of antigen necessary
to fix the serums of patients in the same stage remained practically
constant. This fact led to further investigation along this line with
the serums of persons who could be grouped clinically and by definite
histories into primary, secondary and tertiary syphilis. The basis for
this classification is as follows : The primary cases were those with a

definite hard chancre of from one to three weeks' duration. The
secondary cases were those with a rash which followed a hard chancre
four to eight weeks later, and those with mucous patches in the mouth
following a primary lesion ; this group of cases was substantiated by
the rapidity of disappearance of signs and symptoms following one or

two injections of salvarsan. The tertiary cases were those with a

clinical tertiary rash which appeared 'many months or a few years
after the primary or secondary manifestations ; these cases required

PROTOCOL 4.—F. U. in Relation to Stage of Disease

Name

Mr. A.
Mrs. A.
Mr. H.

. . .Mr.  .
Mrs. O.

. . .Mrs. K.
...Mr.  .

Miss McC.

Mr. McG.
Mr. I.
Mr. F.

. . .

Stage of Disease

Tertiary rash
....Tertiary rash
....Tertiary rash
....Tertiary rash
....Tertiary rash
....Secondary rash

...Secondary rash

.. .Secondary rash
mucous patches

Secondary rash
.. .Congenital.

Congenital.

and

F. U. in c.c.

0.012
0.025
0.05
0.025
0.012
0.05
0.1

0.006
0.003
0.012
0.025

from six to eight injections of salvarsan before the rash entirely faded ;
also in this group were placed gummatous lesions, and large broken-
down ulcers which followed, by a period of years, a definite hard
chancre, or unquestionable secondary manifestations. In general,
syphilis would more correctly be referred to as early and late mani¬
festations, but the preceding classification more nearly assumes the
purpose of this paper.

The method used in this work is as follows: After the F. U. of the
serum was determined, this was kept constant together with the com¬

plement (2 units) and the antigen was varied; diminishing amounts of
antigen were used in successive tubes or, in other words, the antigen
was titrated in diminishing amount with a constant amount of serum

and complement. A series of eight tubes was used and to each tube
containing the F. U. of serum and 2 units of complement was added
respectively 0.5 c.c, 0.4 c.c, 0.3 c.c, 0.2 c.c, 0.1 c.c. 0.05 c.c, 0.025 c.c.
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of antigen, and sufficient saline to make the volume of all tubes equal.
In the last three tubes the quantity of antigen, which was too small to
be accurately measured, was obtained by diluting 0.4 c.c. of the 1: 6
emulsion with 2 c.c. of saline, and using 0.3 c.c, 0.15 c.c. and 0.07 c.c,

respectively. After an hour incubation in the water-bath at 37.5 C,
1 c.c. of sensitized cells was added to each tube and incubation was

carried on another hour, at the end of which time the results were

noted. The tube containing the least amount of antigen which showed
complete inhibition of hemolysis was considered the result or the F. U.
of antigen necessary to bind the F. U. of serum. This end-result was

read after centrifuging the tubes or after allowing them to stand over

night in the ice-box. Each serum always had an anticomplementary
control-tube. The results obtained with several serums from typical
cases is shown in Protocol 5

From Protocol 5 it is evident, as in the preceding protocol, that
the amount of serum necessary to give complete fixation has no bearing
on the stage of the disease; on the other hand, there is, however, a

definite relation between the amount of antigen necessary to give fixa¬
tion and the stage of the disease. Those serums from patients in a

certain stage of the disease required a similar definite amount of
antigen which showed no variation for that particular stage, although
the amount of serum varied widely. It would seem that by this method
one could determine whether a syphilitic rash was an early or a late
manifestation, provided the patient had had little or no treatment.
Several other cases with rashes, but without a definite history of infec¬
tion, were by this method grouped either as early or late manifestations
and the proper grouping was confirmed later by treatment ; that is, if
the rash was resistant to treatment it was considered a tertiary or late
rash, if it yielded readily to one or two treatments it was considered a

secondary or early rash. Furthermore, one is able by this method in
mildly treated or non-treated cases to get a fair idea as to whether the
patient has had syphilis a few weeks, a few months or a period of
years. If this should hold true in a large series of cases, it would be
of more than passing interest, especially in medicolegal and insurance
cases.

Another interesting point is that cases with a syphilitic dilatation of
the aorta, commonly called a dilated arch, as evidenced by physical
signs and by Roentgen-ray examination, required a considerable larger
amount of this antigen to give complete fixation than did cases with a

pronounced aneurysm of the aorta. This is in keeping with the path¬
ology of such lesions, since dilatation of a moderate degree must pre¬
cede aneurysm and the progress of the lesion from one of slight dila¬
tation to a definite aneurysm probably requires a fairly long period of
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PROTOCOL 5.—F. U. in Several Typical Cases

Name Stage of Disease
F. U. in c.c. ( + + + + )

Serum

PRIMARY

Mr.R. ; Chancre three weeks'
duration.

MissR. i Chancre one week's
duration.

Mr.M. ! Chancre three weeks'
duration.

Mr.S. ; Chancre three weeks'
duration.

SECONDARY

Mr. McG. Chancre two months
ago, sore throat, fall¬
ing out of hair, rash
at present.

Miss McC. Chancre, mucous patches
in mouth, rash at
present.

Mrs. . I Chancre six months
ago, no secondaries...

Mr. . Chancre, three months
ago, rash one month
ago.

Mr. . ' Chancre, uveitis.
Mrs. . Chancre, secondary rash
B. C. . Chancre, eight weeks'

¡ duration.
Mr.J. ! Chancre, six weeks'

durati on, beginning
; rash.

LATE

Mr. . : Chancre four years ago,
tertiary rash at
present.

Mr. . Chancre eight years ago,
tertiary rash at

Mr. P.

Mr. L.

Mr. G.
Mrs. S.

Miss B.

Mr. M.

present.
Chancre five years ago,

tertiary rash at
present and ulcer.

Chancre nine years ago,
general glandular
enlargement.

Chancre (?) years ago.
Chancre ten years ago,

ulcers in throat at
present.

Chancre five years ago,
ulcer in throat now...

Chancre three years ago,
rash now.

0.1

0.1

0.1

0.1

0.003

0.006

0.1

0.05

0.1
0.05
0.1

0.003

0.05

0.025

0.025

0.006

0.025
0.012

0.025

0.1
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time ; in other words, it is a slow, gradual process. Unfortunately, in
none of my cases could I obtain a history of chancre, and consequently
I was unable to determine how long the patient had syphilis ; therefore,
possibly, this would be an exception to the preceding statement that, in
general, one could determine by this method whether a patient had had
syphilis weeks, months or years. I feel certain, though, that it does
apply to syphilic rashes. Protocol 6 represents the fixation in cases

with a dilated arch and those with an aneurysm.

PROTOCOL 6.—Fixation in Cases with Dilated Arches and
Aneurysms

Miss W.

Mr. S. .

Mr. J.
..

Mr. F.
.

Miss G.

Mr. S. .

Mr. M.
.

Mr. N.
.

Mr. H.
.

Mr. F.
.

Name Stage of Disease

Dilated arch (Roentgen-
ray).

Dilated arch (Roentgen-
ray).

Diffuse dilatation of
aorta (necropsy) _

Aneurysm (Roentgen-
ray)
.Aneurysm (Roentgen-

ray).
Aneurysm (Roentgen-

ray).
Aneurysm, ruptured

(necropsy).
Aneurysm (Roentgen-

ray).
Ane urysm (Roentgen-

ray).
Aneurysm (Roentgen-

ray).

F. U. in c.c. ( ++++)

Serum

0.006

0.1

0.05

0.025

0.025

0.025

0.003

0.003

0.05

0.025

Antigen

0.4

0.4

0.3

0.2

0.1

0.2

0.1

0.2

0.2

0.2

In Protocol 6 it is seen that the two cases with slight dilatation of
the aorta, although their serums differed in strength, required the same

amount of antigen and a large amount of antigen to give complete
inhibition. The case with a considerable diffuse dilatation required a

little less antigen. The six cases with outspoken aneurysm whose
serums differed in strength all required a still smaller amount of
antigen, and the case which ruptured on the ward required even a little
less than the others. Therefore, as the stage progressed from a slight
dilatation through a moderate to a typical aneurysm and finally to
rupture, the amount of antigen necessary to give complete fixation
diminished, although the F. U. of serum bore no relation to the state
of dilatation.
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Observing from the foregoing protocols that the amount of serum

necessary to give complete fixation was not constant for any given con¬

dition or stage of the disease, but that the amount of antigen necessary
to give this complete inhibition was apparently quite constant, it was

thought to be of interest to determine whether a definite increase in
the amount of serum would make a correspondingly proportionate
decrease in the amount of antigen required to give complete fixation.
This was found to be the case, as shown in Protocol 7.

PROTOCOL 7.—Relation Between Amounts of Serum and of Antigen
Required to Give Complete Fixation

Mrs. D.

Mr. S.
.

Mr. D.

Mr. N.

Mr. C.

Name Stage of Disease

Gumma under treatment
.with
Aneurysm. with

. with

Aneurysm. with

Gumma. with

F. U. in c.c.

Serum

0.05
0.01
0.025
0.1
0.05
0.1
0.003
0.012
0.025
0.025
0.05

+ + + +

+ + + +

+ + + +

+ + + +

+ + + +

Antigen

0.2 +
0.1 +
0.2 +
0.05 +
0.05 +
0.025 +
0.02 +
0.05 +
0.025 +
0.05 +
0.025+

+ + +
+ + +
+ + +
+++
+ + +
+ + +
+ + +
+ + +
+ + +
+ + +
^ + +

In this protocol five serums with a different F. U. were selected
out of a large number to illustrate the fact that increasing the quantity
of serum, proportionately decreased the amount of antigen necessary
to give complete inhibition of hemolysis. In the first, third and fifth
cases when the F. U. was doubled, the quantity of antigen was halved ;
in the fourth case the F. U. was quadrupled and the antigen quantity
was quartered ; in the second case the F. U. was first quadrupled and
this quartered the antigen, again this amount was doubled and the
amount of antigen required to give complete inhibition of hemolysis
was halved. Therefore, a certain quantity of serum in each case

required a definite quantity of antigen to give fixation, and there was

a definite mathematical variation between antigen and serum. This
was likewise true of spinal fluids. This held true in all cases up to a

certain limit; that is, doubling and quadrupling the F. U. caused cor¬

respondingly diminishing amounts of antigen necessary. If the serum

was sufficiently increased in the foregoing manner, however, a limit
was reached at which the quantity of antigen did not decrease no

matter how much serum was used.
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The next step was to determine whether the preceding facts held
for different strengths of the same antigen. The same serum was

titrated for its F. U. with different strengths of the same antigen.
The cases of Protocol 8 were selected from a larger series, since

they represent work done with four different heart antigens, each anti¬
gen being used in two or more definite strengths ; that is, the 1: 12
emulsion was one-half as strong as the 1: 6 emulsion, and the 1: 24
emulsion was one-fourth the strength of the 1: 6 emulsion. It is evident
that a definite variation in the strength of the antigen did not bear a

corresponding definite variation to the quantity of serum necessary to

give complete fixation. In other words, when a certain constant quan¬
tity of antigen gave a certain F. U. with a serum, a constant quantity

PROTOCOL 8.—F. U. of Same Serum with Different Strengths of Same
Antigen

Mr. J.

Mr. A.

Mr. H.

Mr. J.

Mrs. M.

Name Stage of Disease

Gumma of liver
(autopsy).

Tertiary rash

Tabes.

Tertiary.

Latent

Antigen
No/ Emulsion

6
12
6
12
6
12
6
12
6
12
24
6
12

F. U. of
Serum

C.C.+ + + +

0.003
0.012
0.003
0.012
0.05
0.1
0.003
0.012
0.003
0.05
0.05
0.003
0.003

of one-half the strength of antigen did not correspondingly increase
the amount of serum necessary to give complete fixation. There was

a wide indefinite variation in the quantity of serum necessary for its
F. U. when the quantity of antigen was definitely varied.

In a number of cases the serum F. U. was determined with different
definite strengths of antigen as in Protocol 8, and then each F. U. of
serum was kept constant and titrated with diminishing amounts of
antigens of different strength, and in addition the amount of serum

was definitely increased and then titrated. A few of these titrations
are given in Protocol 9.

The five cases in Protocol 9 were selected from a large series to
illustrate the following points. As previously shown, in determining
the F. U. of a serum the amount of serum necessary to give complete
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fixation with antigens of different strengths bore no definite relation
to the quantity of antigen. That is, the quantity of serum, which was

the F. U. with one antigen, did not always double in amount when it
was the F. U. with an antigen of one-half the strength as might be
expected; for instance, in the first case, Protocol 9, the F. U. of the
serum was 0.05 c.c. with both strengths of antigen 1:6 and 1:12, and
in the third case the F. U. of serum with 1: 6 was 0.003 c.c, but with
1: 12 it required four times the amount of serum, or 0.012 c.c. After
the F. LT. for the serum was determined, however, a definite increase
in the quantity of serum caused a corresponding decrease in the
quantity of antigen necessary to fix it. This point is illustrated in the
first two cases in Protocol 9. Take the first case, for instance : 0.05 c.c.

PROTOCOL 9.—Titration of Different Definite Strength of Antigens
Mr. D. serum F. U. with No. 6 (1: 6 em.) 0.05 c.c. + + + +

Serum F. U. with No. 6 (1: 12 em.) 0.05 c.c. ++++
0.05 c.c. serum required 0.05 c.c. of antigen 1: 6 and 0.1 c.c. antigen 1 : 12
0.1 c.c. serum required 0.025 c.c. of antigen 1: 6 and 0.05 c.c. antigen 1: 12

Mr. C. serum F. U. with No. 1 (1:6 em.) 0.025 c.c. ++ + +
Serum F. U. with No. 1 (1: 12 em.) 0.05 c.c. + ++ +
0.025 c.c. serum required 0.05 c.c. antigen 1:6
0.05 c.c. serum required 0.025 c.c. antigen 1: 6 and 0.05 c.c. antigen 1: 12
0.1 c.c. serum required 0.1 c.c. antigen 1: 12

Mr. N. serum F. U. with No. 1 (1:6 em.) 0.003 c.c. ++++
Serum F. U. with No. 1 (1:12 em.) 0.012 c.c. + + + +
0.003 c.c. serum required 0.2 c.c. of antigen 1: 6
0.012 c.c. serum required 0.05 c.c. of antigen 1:6 and 0.1 c.c. antigen 1: 12
0.025 c.c. serum required 0.025 c.c. of antigen 1: 6 and 0.05 c.c. antigen 1: 12
0.05 c.c. serum required 0.025 c.c. of antigen 1:6 and 0.05 c.c. antigen 1: 12

Mr. McM. serum F. U. with No. 6 (1:6 em.) 0.003 c.c.+ + ++
Serum F. U. with No. 6 (1:12 em.) 0.003 c.c.+++ +
0.003 c.c. serum required 0.025 c.c. of antigen (1:6) 0.05 c.c. (1: 12)

0.1 c.c. (1:24)
0.006 c.c. serum required 0.012 c.c. of antigen (1:6) 0.025 c.c. (1:12)

0.05 c.c. (1:24)
0.012 c.c. serum required 0.012 c.c. of antigen (1:6)

Mrs. S. serum with No. 7 (1:12 em.) 0.012 c.c.++++
0.025 c.c. serum required 0.025 c.c. antigen (1:6) 0.05 c.c. (1:12)

0.1 c.c. (1:24)
of serum required 0.05 c.c. of antigen of the strength 1: 6 and twice
the amount of serum, or 0.1 c.c, required one-half the amount of
antigen 1: 6, or 0.025 c.c. ; also 0.05 c.c. of serum required 0.05 cc. of
antigen 1: 6, but twice this amount or 0.1 c.c. of serum was necessary
to give fixation with the same amount of antigen, 1: 12, which is one-

half as strong. Therefore, a definite increase in the amount of the
serum caused the same definite decrease in the required amount of
antigen and vice versa. The same facts were true where three different
strengths of antigen were used as is shown in the last two cases of
Protocol 9. When, however, as in the last two cases, this titration is
carried far enough a limit is reached above which an increase in the
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serum causes no corresponding decrease in the quantity of antigen
necessary to fix it. Therefore, a definite amount of serum required a

definite amount of antigen up to a certain limit, but an excess of serum

above this limit does not influence the quantity of antigen. For
instance, in the last case 0.025 c.c. of serum required 0.025 c.c. of
antigen 1 :6, and twice this amount of serum or 0.05 c.c. required the
same amount of antigen 1: 6 and did not decrease the required amount
of antigen, as was the case when smaller amounts of serum were used.
This is probably explained by the fact that in the last instance we are

using very large amounts of serum as compared to the F. U., and the
quantity of antigen is very small ; the quantity of antigen is approach¬
ing infinity and naturally sooner or later, a limit of value must be
reached. Therefore, from the preceding statements one must conclude
that there is a definite quantitative relation between serum and antigen.

Now, let us analyze this antigen in order to determine what accounts
for this definite specificity. From the preliminary titrations of the
alcoholic heart extract we know that it required 1.0 c.c. of a 1:6 emul¬
sion to give fixation with a positive serum, but after the addition of
0.4 per cent, of cholesterin it required only 0.05 c.c. of 1:6 emulsion
to give fixation with the same amount of a positive serum; therefore
the cholesterin must play a most important part. Different alcoholic
heart extracts containing cholesterin produce, when mixed with saline,
different degrees of turbidity ; one emulsion may be moderately turbid,
whereas another emulsion may produce a very heavy suspension. One
might consider that the difference in the turbidity of emulsions could
account for variation in strength of an antigen. Such is not the case.

For example, Antigen 7 formed a very slight turbidity when mixed
with saline, Antigen 6 formed a heavy suspension and Antigen 4
formed a moderately heavy emulsion, still when the same serum was

titrated against each antigen on the same day the serum F. U. was the
same for each antigen. Furthermore, each antigen was centrifuged at

high speed and the supernatant fluid was used as an antigen and the
F. U. of serum remained the same as before centrifuging. Therefore,
the heaviness of the emulsion or the particles forming the emulsion
played no part in this specificity.

The only constituent remaining in this antigen which has not been
ruled out is the cholesterin, and this is present in definite quantities in
all emulsions. For instance, 0.05 c.c. of the 1:6 emulsion contains
0.000033 gm. of cholesterin, 0.05 c.c. of the 1: 12 contains 0.0000165
gm. and 0.05 c.c. of the 1:24 contains 0.0000082 gm. of cholesterin.
Referring, for example, to the third case, Mr. N. in the last protocol,
it is seen that with the antigen 1:6 emulsion, 0.003 c.c. of serum was

the F. U. When this F. U. of serum (0.003 c.c.) was titrated with
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diminishing amounts of antigen, 1: 6, it required 0.2 c.c. of this antigen
to give fixation, and this 0.2 c.c. of antigen contained 0.000132 gm. of
cholesterin. When four times this amount of serum (0.012 c.c.) was

titrated with the same 1: 6 emulsion, only 0.05 c.c. or one-fourth the
amount of antigen was necessary, this 0.05 c.c. represents 0.0000033
gm. of cholesterin. Eight times the amount of serum required only
one-eighth the amount of cholesterin. The same facts hold true when
the 1: 12 emulsion was used. Furthermore, when the same amount of
serum was titrated with two different strengths of antigen (0.025 c.c.

of serum titrated with 1: 6 and 1: 12 emulsions), the same amount of
cholesterin was necessary to give fixation, although the fluid quantity
of antigen was twice as much in one case as in the other. Still further,
when two portions of serum, the one twice the quantity of the other,
were titrated with two different strengths of antigen, the larger quan¬
tity of serum being titrated with the weaker antigen and vice versa,
the fluid quantity of antigen was twice as great in the case of the
larger amount of serum with the weaker antigen, still the amount of
cholesterin required in both was the same. The same facts also held
true when spinal fluids were titrated in the same manner.

From the above-described methods in which this problem has been
attacked in many ways

—

and in fact no other ways are apparent to
me

—

it would seem quite conclusive that cholesterin played a most

important part in the fixation test for syphilitic serums, and from these
titration methods it would seem that a definite amount of cholesterin
was necessary for the fixation of a definite amount of serum and vary¬
ing the amount of serum likewise varied inversely the amount of
cholesterin. The serum of syphilitic patients contains a "something"
for which cholesterin has a definite fixation power in the presence of
complement.

SUMMARY

The material for this paper consists of 1,000 Wassermann reactions
performed on the blood of 800 different persons and 87 reactions per¬
formed on the spinal fluids of as many persons. The first few pages
of this paper describe in detail the technic employed in the Wasser¬
mann reaction as used here ; inasmuch as different workers use different
technics, the results vary, and consequently a negative reaction is mean¬

ingless unless the technic and its general results are known. The next
few pages are devoted to a discussion of the antigen. An alcoholic
extract of human heart reinforced with 0.4 per cent, cholesterin was

the antigen used, and for the reactions 1 part of this was added to
9 parts of saline, making a 1 : 10 emulsion; 0.5 c.c. of this emulsion
was used in each test-tube. The advantages of such an antigen were:

the ease with which it is made from any human heart; its constant
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antigenic properties; and especially its superior antigenic properties
over other antigens with syphilitic serums, this superior sensitiveness
being most evident in the late manifestations of syphilis.

No disadvantages are apparent when the antigen is carefully con¬

trolled and all reagents are accurately titrated. The remainder of the
first part of the paper is taken up with the results obtained, using this
as an antigen in the Wassermann reaction. Among the 800 persons,
the serums of 667 patients gave a negative reaction, and in none of
these was there a suspicion of syphilis. There were 110 patients whose
serums gave a positive reaction, that is a complete inhibition of hemol¬
ysis, and there was no evidence of a false reaction. There were

twenty-four cases with whose serums a partial fixation was obtained,
and in all of these there was evidence of syphilis which had been
modified by treatment, with the exception of one person with acute
catarrhal jaundice, and when the jaundice disappeared, the reaction
became negative. In a series of 400 cases, in addition to the 1: 10
emulsion which was used for routine diagnosis, a 1: 6 emulsion was

used. This 1: 6 emulsion is too near the anticomplementary dose for
safety; still there were no false complete inhibitions of hemolysis, and
in only 2 per cent, of the cases was there a false incomplete fixation.
Furthermore, it was found that in the early chancre stage and in cases

which had been treated, this 1: 6 emulsion was of great value, and it
was definitely noted that all cases should be treated until their serums

became negative with this 1: 6 emulsion if a relapse was to be avoided.
The second part of the paper deals with original work in methods

of titration. It was found that the amount of serum necessary to give
fixation varied greatly in different persons, and in different persons in
the same stage of the disease. On the other hand, after the required
amount of serum necessary to give fixation (the F. U.) was deter¬
mined, the amount of antigen remained constant for different persons
in the same stage of the disease. Furthermore, by this means it could
be ascertained whether a given rash was an early or a late one ; the
same facts were true in cases with syphilitic disease of the aorta, an

aneurysm required less antigen in amount than a slight dilatation of
the aorta. Having found by titration the least amount of serum

required to give fixation with the standard amount of antigen, and then
determining the least amount of antigen required to give fixation with
this least amount of serum, a definite increase in the amount of serum

caused a proportionate definite decrease in the amount of antigen
necessary to give fixation. By elimination experiments and by substi¬
tuting the actual amount of cholesterin present in each portion of
antigen used, it was found that the cholesterin was the specific agent
which, in the presence of complement, combined with the syphilitic
serums.
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CONCLUSIONS

Cholesterinized alcoholic extracts of human heart have a specific
fixation property with syphilitic serums, and they do not give non¬

specific fixation with non-syphilitic serums, provided the reagents are

accurately titrated.
The serum of syphilitic patients contains a "something" for which

cholesterin has a definite fixation power in the presence of complement.
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